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(54) IGNITION TIMING CONTROL DEVICE OF INTERNAL COMBUSTION ENGINE

(57) A water temperature indicated at a startup timing
of an engine is stored as a startup-timing water temper-
ature. During an idling state generated after a cold start,
a retard amount (S) is calculated based on the startup-
timing water temperature. At this time, the retard amount
(S) is set at a larger level as the startup-timing water
temperature becomes higher. However, in a case that
the startup-timing water temperature is higher than a pre-

determined temperature, the retard amount (S) is set at
a smaller level as the startup-timing water temperature
becomes higher. A retard amount (R) is calculated based
on a current water temperature in the same manner as
the retard amount (S). A smaller one is selected from the
retard amount (S) and the retard amount (R), as a basic
retard amount.
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Description

TECHNICAL FIELD

[0001] The present invention relates to an ignition tim-
ing control device of an internal combustion engine, and
more particularly to a technique of correcting an ignition
timing to retard side (retard-angle side) in order to attain
a quick activation of catalyst during an idling generated
after a cold start of the internal combustion engine.

BACKGROUND ART

[0002] Some technology is known in which the ignition
timing is corrected toward the retard side so as to in-
crease an exhaust gas temperature and thereby promote
an activation of catalyst during an idling operation after
a cold start of an internal combustion engine. For exam-
ple, in Patent Literature 1, retard amount and retard-cor-
recting period for the ignition timing are set based on a
temperature of cooling water during the idling operation
generated after the cold start. Specifically, in order to
promote temperature rise of the exhaust gas, the retard
amount is set at a larger value as an engine-start-time
temperature of the cooling water becomes lower. More-
over, the retard-correcting period is set at a larger value
as the engine-start-time temperature of the cooling water
becomes lower.

CITATION LIST

Patent Literature

[0003] Patent Literature 1 : Japanese Patent Applica-
tion Publication No. 2004-116372, FIGS. 3-7, para-
graphs [0039]-[0045] etc.

SUMMARY OF THE INVENTION

PROBLEM TO BE SOLVED

[0004] However, in the case that the retard amount and
the retard-correcting period are more enlarged as the
engine-start-time temperature of the cooling water be-
comes lower as mentioned above, a combustion stability
is worsened if the engine-start-time temperature of the
cooling water is very low, for example, at the time of very-
low-temperature startup of the engine. This is because
the retard amount and the retard-correcting period are
set at large values although the combustion is not yet
stable. As a result, there is a risk that a drivability is wors-
ened due to a generation of idle roughness. On the other
hand, if the engine-start-time temperature of the cooling
water is relatively high, i.e. if the engine-start-time tem-
perature of the cooling water is near an activating tem-
perature of the catalyst, the retard amount and the retard-
correcting period can be set at large values because the
combustion is relatively stable. However, in this situation,

there is a possibility that the retard amount and the retard-
correcting period are set at small values so that a suffi-
cient effect of temperature rise of exhaust gas is not ob-
tained.
[0005] It is therefore an object of the present invention
to provide an ignition timing control device of an internal
combustion engine, devised to promote a temperature
rise of exhaust gas by a retard correction of the ignition
timing and to improve an exhaust performance by virtue
of quick activation of the catalyst while securing combus-
tion stability and favorable drivability.

SOLUTION TO PROBLEM

[0006] According to the present invention, there is pro-
vided an ignition timing control device of an internal com-
bustion engine, comprising: an ignition device configured
to ignite air-fuel mixture of a combustion chamber of the
internal combustion engine; a catalyst interposed in an
exhaust passage of the internal combustion engine and
configured to purify an exhaust gas flowing in the exhaust
passage; a water temperature detecting means config-
ured to detect a water temperature of a cooling water of
the internal combustion engine; an ignition-timing retard-
ing means configured to correct an ignition timing of the
ignition device to a retard side such that an activation of
the catalyst is promoted, during an idling operation gen-
erated after a cold start of the internal combustion engine;
and a startup-timing-water-temperature retard-amount
calculating means configured to calculate a retard
amount by which the ignition-timing retarding means re-
tards the ignition timing, based on a startup-timing water
temperature which is the water temperature indicated at
a startup timing of the internal combustion engine, where-
in the startup-timing-water-temperature retard-amount
calculating means is configured to set the retard amount
at a larger level as the startup-timing water temperature
becomes higher, in a case that the startup-timing water
temperature is lower than or equal to a predetermined
temperature, and to set the retard amount at a smaller
level as the startup-timing water temperature becomes
higher, in a case that the startup-timing water tempera-
ture is higher than the predetermined temperature. That
is, according to the present invention, the retard amount
takes its maximum value when the startup-timing water
temperature is equal to the predetermined temperature.
The retard amount takes a smaller value as a difference
between the startup-timing water temperature and the
predetermined temperature becomes larger.
[0007] As mentioned above, in the case that the star-
tup-timing water temperature is lower than or equal to
the predetermined temperature, the retard amount is set
at a larger level as the startup-timing water temperature
becomes higher, i.e. the retard amount is set at a smaller
level as the startup-timing water temperature becomes
lower. Accordingly, if the startup-timing water tempera-
ture is very low, for example, at the time of very-low-
temperature startup of the engine, the retard amount is
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set at a small value. Hence, the worsening of combustion
stability is suppressed to ensure initial drivability, so that
the idle roughness can be inhibited from occurring.
[0008] Moreover, because the combustion is stable in
a situation that the startup-timing water temperature is
around the predetermined temperature, a sufficiently
large retard amount is set. Hence, the temperature rise
of exhaust gas is promoted to early activate the catalyst,
so that the exhaust performance can be enhanced.
[0009] On the other hand, in a situation that the startup-
timing water temperature is higher than the predeter-
mined temperature, the retard amount is set at a smaller
level as the startup-timing water temperature becomes
higher i.e. comes closer to the activating temperature of
the catalyst. Hence, the retard amount is inhibited from
being excessively large so that the worsening of driva-
bility and the worsening of fuel economy can be sup-
pressed.

EFFECTS OF INVENTION

[0010] According to the present invention, by properly
adjusting the retard amount of the ignition timing in ac-
cordance with the startup-timing water temperature, the
temperature rise of exhaust gas is promoted to improve
the exhaust emission performance by virtue of the quick
activation of catalyst while ensuring the combustion sta-
bility and favorable drivability.

BRIEF EXPLANATION OF DRAWINGS

[0011]

[FIG. 1] A system configuration view of an internal
combustion engine to which an ignition timing control
device according to an embodiment of the present
invention is applied.
[FIG. 2] A flowchart illustrating a control flow of a
retard correction for ignition timing.
[FIG. 3] A functional block diagram illustrating a cal-
culation process of a retard amount.
[FIG. 4] A timing chart illustrating a driving situation
of transfer from a cold start to an idling state in the
case that the embodiment is applied to the internal
combustion engine.

DETAILED DESCRIPTION OF INVENTION

[0012] Hereinafter, the present invention will be ex-
plained based on embodiments referring to the drawings.
FIG. 1 is an explanatory view showing a system config-
uration of an in-cylinder-direct-injection-type spark-igni-
tion internal combustion engine to which one embodi-
ment of the present invention is applied.
[0013] A piston 2 is disposed in a cylinder 1A of the
internal combustion engine 1 such that the piston 2 is
able to reciprocate inside the cylinder. A combustion
chamber 3 formed above the piston 2 communicates (is

connected) through an intake valve (not shown) with an
intake passage 4. Also, the combustion chamber 3 com-
municates (is connected) through an exhaust valve (not
shown) with an exhaust passage 5. An air flow meter 6
for detecting an intake air flow volume (intake-air amount)
is provided in the intake passage 4. Moreover, an elec-
tronically-controlled throttle valve 7 is provided in the in-
take passage 4. An opening degree of the electronically-
controlled throttle valve 7 is controlled through an actu-
ator 8 by control signals. A catalytic converter 10 for pu-
rifying exhaust emission is provided in the exhaust pas-
sage 5. Moreover, two air-fuel ratio sensors 11 and 12
are provided respectively upstream and downstream of
the catalytic converter 10.
[0014] A spark plug 14 which functions as an ignition
device is provided at a top center portion of the combus-
tion chamber 3. Moreover, a fuel injection valve 15 which
injects fuel directly into the combustion chamber 3 is dis-
posed at a lateral portion of the combustion chamber 3
on the side of the intake passage 4. Fuel whose pressure
is adjusted to a given pressure by a high-pressure fuel
pump 16 and a pressure regulator 17 is supplied through
a high-pressure fuel passage 18 to the fuel injection valve
15. Accordingly, when the fuel injection valve 15 of each
cylinder opens by a control pulse, fuel whose amount is
according to an open period of the fuel injection valve 15
is injected. A reference sign 19 denotes a fuel pressure
sensor for detecting fuel pressure, and a reference sign
20 denotes a low-pressure fuel pump for feeding fuel to
the high-pressure fuel pump 16.
[0015] It is noted that the structure according to the
present invention is not limited to the in-cylinder-direct-
injection type, and may instead have a port-injection type
in which fuel is injected into an intake port.
[0016] The internal combustion engine 1 includes a
water temperature sensor 21, an oil temperature sensor
24 and a crank angle sensor 22. The water temperature
sensor 21 detects a temperature of engine cooling water,
as a water temperature detecting means (or section). The
oil temperature sensor 24 detects a temperature of en-
gine hydraulic oil. The crank angle sensor 22 detects a
crank angle. Moreover, an accelerator opening-angle
sensor 23 is provided which detects a depressed amount
(i.e. position) of an accelerator pedal by a driver.
[0017] Fuel injection quantity, fuel injection timing, ig-
nition timing and the like of the internal combustion en-
gine 1 are controlled by a control unit 25. The control unit
25 receives detection signals (input signals) of the above-
mentioned various sensors. According to an engine op-
erating condition given by these input signals, the control
unit 25 determines whether a combustion mode should
be a homogeneous combustion or a stratified-charge
combustion, i.e., selects one from the homogeneous
combustion and the stratified-charge combustion as the
combustion mode. In conformity with the selected com-
bustion mode, the control unit 25 controls the opening
angle of the electronically-controlled throttle valve 7, the
fuel injection timing and fuel injection quantity of the fuel
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injection valve 15, the ignition timing of the spark plug
14, and the like.
[0018] In this embodiment, a retard correction (lag-an-
gle correction) for the ignition timing is performed to pro-
mote a rise of exhaust gas temperature and a rise of
catalyst temperature, under an idling state which occurs
immediately after a cold start of the internal combustion
engine 1. This is because a quick activation of the cata-
lytic converter 10 is required in such an idling state. FIG.
2 is a flowchart showing a control flow of the retard cor-
rection for the ignition timing under an idling state which
occurs immediately after the cold start. The control unit
25 has already stored the routine of this control flow. This
routine is repeatedly executed at predetermined intervals
(for example, every 10 milliseconds).
[0019] At step S11, it is judged whether or not a current
engine state is the idling state generated (immediately)
after the cold start of the internal combustion engine, on
the basis of the detection signal of the water temperature
sensor 21 and the like. If the current engine state is not
the idling state generated after the cold start, the program
proceeds to step S16. At step S16, a retard amount (lag
amount) of the ignition timing is set at zero. More specif-
ically, a retard amount which is used in the retard correc-
tion for the ignition timing at the time of the idling state
generated immediately after the cold start is set at zero.
Then, the program proceeds to an after-mentioned step
S17.
[0020] If the current engine state is the idling state gen-
erated immediately after the cold start, the program pro-
ceeds from step S11 to step S12. At step S12, it is judged
whether or not a current moment is a startup timing (i.e.,
a first-time routine immediately after the cold start) of the
engine, for example by using a start-up flag F which is
set at zero at the time of deactivation (stop) of the engine.
If the start-up flag F takes "0" at step S12, it is determined
that the current moment is the startup timing of the en-
gine. Then, the start-up flag F is set at "1", and the pro-
gram proceeds to step S13. At step S13, a retard amount
S of the ignition timing is calculated based on a water
temperature value sensed by the water temperature sen-
sor 21, i.e., based on a water temperature value indicated
at the startup timing of the engine (hereinafter called
"startup-timing water temperature"). Then, the calculated
retard amount S is memorized and stored in a storage
device such as a RAM included in the control unit 25.
That is, the program proceeds from step S12 to step S13
only once at the startup timing of the engine, in order to
calculate and store the retard amount S based on the
startup-timing water temperature.
[0021] If the current moment is not the startup timing
of the engine, namely if the start-up flag F takes "1"; the
program proceeds from step S12 to step S14. At step
S14, a retard amount R of the ignition timing is calculated
based on a current water temperature value (hereinafter
called "current water temperature") sensed by the water
temperature sensor 21. The calculations of the retard
amount S and the retard amount R will be explained later

referring to FIGS. 3 and 4.
[0022] At step S15, a smaller one of the retard amount
S calculated based on the startup-timing water temper-
ature and the retard amount R calculated based on the
current water temperature (i.e. the retard amount S or
the retard amount R, whichever is smaller) is selected
as a basic retard amount. By this basic retard amount,
the ignition timing is corrected toward a retard side at the
time of the idling state generated after the cold start.
[0023] At step S17, it is judged whether or not an inte-
gration value of a catalyst-supplied heat quantity (i.e. a
heat quantity supplied to the catalyst) is smaller than or
equal to a predetermined threshold value * (see FIG. 4).
The integration value of the catalyst-supplied heat quan-
tity is calculated in view of the intake-air amount detected
by the air flow meter 6, an engine load, a driving condition
and the like.
[0024] If the integration value of the catalyst-supplied
heat quantity is smaller than or equal to the threshold
value, it is determined that the catalytic converter 10 is
in an inactive state. Then, the program proceeds to step
S18. At step S18, the retard correction of the ignition
timing is carried out by using the basic retard amount
calculated at step S15 as the (actual) retard amount.
However, in the case that the current engine state is not
the idling state generated after the cold start, the retard
correction is not carried out because the retard amount
has been set at zero at step S16.
[0025] If the integration value of the catalyst-supplied
heat quantity is larger than the threshold value *, it is
determined that the catalytic converter 10 is in an active
state. Then, the program proceeds to steps S19 and S20
so that the retard correction is terminated. In this regard,
the (actual) retard amount is gradually reduced at a cer-
tain rate when terminating the retard correction. Specif-
ically, the retard amount is repeatedly reduced by a pre-
determined amount @ at step S20 until the judgment
process of step S19 determines that the retard amount
is equal to zero.
[0026] FIG. 3 is a functional block diagram showing
control contents of steps S13 to S15. As shown in FIG.
3(A), the retard amount S is set at a larger value as the
startup-timing water temperature becomes higher in the
case that the startup-timing water temperature is lower
than or equal to a predetermined temperature h. That
is, in this case, the retard amount S is calculated as a
value enlarged with the enlargement of the startup-timing
water temperature. On the other hand, in the case that
the startup-timing water temperature is higher than the
predetermined temperature h, the retard amount S is set
at a smaller value as the startup-timing water tempera-
ture becomes higher. That is, in this case, the retard
amount S is calculated as a value lowered with the en-
largement of the startup-timing water temperature. Ac-
cordingly, the retard amount S takes its maximum value
when the startup-timing water temperature is near the
predetermined temperature h, and the retard amount S
becomes smaller as the startup-timing water tempera-
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ture is farther from the predetermined temperature h.
[0027] Moreover, as shown in FIG. 3(B), a relation pro-
file between the retard amount R and the current water
temperature which is used when calculating the retard
amount R by use of the current water temperature is the
same as a relation profile between the retard amount S
and the startup-timing water temperature which is used
when calculating the retard amount S by use of the star-
tup-timing water temperature. That is, as shown in FIGS.
3(A) and 3(B), the retard amount S and the retard amount
R are respectively obtained by using an identical control
map (or control table). Hence, in the same manner as
the retard amount S, the retard amount R is set at a larger
value as the current water temperature becomes higher
in the case that the current water temperature is lower
than or equal to the predetermined temperature h. That
is, in this case, the retard amount R is calculated as a
value enlarged with the enlargement of the current water
temperature. On the other hand, in the case that the cur-
rent water temperature is higher than the predetermined
temperature h, the retard amount R is set at a smaller
value as the current water temperature becomes higher.
That is, in this case, the retard amount R is calculated
as a value lowered with the enlargement of the current
water temperature. Accordingly, the retard amount R
takes its maximum value when the current water temper-
ature is near the predetermined temperature h, and the
retard amount R becomes smaller as the current water
temperature is farther from the predetermined tempera-
ture h.
[0028] Moreover, as shown in FIG. 3(C), smaller one
is selected from the retard amount S and the retard
amount R which have been individually calculated, as
the basic retard amount.
[0029] FIG. 4 is a timing chart showing a driving situ-
ation of transfer from the cold start to the idling state, in
a case that such a control of the embodiment is applied.
[0030] In an interval from a cold-start timing t0 to a
timing t1, the retard correction is carried out by using the
retard amount S as the basic retard amount because the
retard amount S obtained from the startup-timing water
temperature is lower than the retard amount R obtained
from the current water temperature. Next, on and after
the timing t1, the retard amount R obtained from the cur-
rent water temperature is lower than the retard amount
S obtained from the startup-timing water temperature.
Hence, the retard correction is carried out by using the
retard amount R as the basic retard amount. As a result,
the (actual) retard amount is gradually reduced in an in-
terval between the timing t1 and a timing t2.
[0031] Then, the integration value of the catalyst-sup-
plied heat quantity reaches the predetermined threshold
value * at the timing t2 (see FIG. 4). From the timing t2,
the above-mentioned terminating process of the retard
correction of steps S19 and S20 is carried out so that the
(actual) retard amount is gradually reduced toward zero
at the certain rate (by the predetermined amount @).
[0032] For the purpose of simplification, according to

the present invention, the (actual) retard amount may be
calculated by using only the retard amount S obtained
from the startup-timing water temperature, without using
the retard amount R obtained from the current water tem-
perature. That is, the retard amount may be calculated
by omitting the process of steps S14 and S15 in FIG. 2.
[0033] Representative configurations and advanta-
geous effects according to the above embodiment will
now be listed and explained.

[1] The retard amount S which is obtainable from the
startup-timing water temperature is set at a larger
level as the startup-timing water temperature be-
comes higher, in the case that the startup-timing wa-
ter temperature is lower than or equal to the prede-
termined temperature h. On the other hand, this re-
tard amount S is set at a smaller level as the startup-
timing water temperature becomes higher, in the
case that the startup-timing water temperature is
higher than the predetermined temperature h.
Therefore, if the startup-timing water temperature is
lower than or equal to the predetermined tempera-
ture h, for example, in a case of very-low-tempera-
ture startup of the engine, the worsening of combus-
tion stability is suppressed to secure favorable driv-
ability so that an idle roughness can be inhibited from
worsening the drivability, because the retard amount
is more reduced as the startup-timing water temper-
ature is lower.
Moreover, if the startup-timing water temperature is
near the predetermined temperature h, the combus-
tion is stable. Hence, the retard amount is set at a
large value so that the quick activation of the catalyst
is promoted to improve the exhaust emission per-
formance.
Moreover, if the startup-timing water temperature is
higher than the predetermined temperature h, i.e. if
the startup-timing water temperature is near an ac-
tivating temperature of the catalyst (a temperature
value for causing catalyst activation), an excessive
retard amount can be inhibited from worsening the
drivability, because the retard amount is more re-
duced as the startup-timing water temperature is
higher.
As explained above, according to this embodiment,
both of the securement of drivability and the improve-
ment of exhaust emission performance produced by
the promotion in temperature rise of exhaust gas are
attained by properly adjusting the retard amount in
accordance with the startup-timing water tempera-
ture. Moreover, because the retard amount is set
based on the startup-timing water temperature, the
control can be simplified, and the retard amount is
not set at an excessively large value with the rise of
the current water temperature. Hence, the worsen-
ing of drivability by the excessive retard amount giv-
en according to the current water temperature is not
incurred.
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[2] A smaller one is selected from the retard amount
S calculated according to the startup-timing water
temperature and the retard amount R calculated ac-
cording to the current water temperature, as the ba-
sic retard amount. Accordingly, as shown by the
range from the timing t1 to the timing t2 of FIG. 4,
when the current water temperature continues to rise
in excess of the predetermined temperature h, i.e.
when the current water temperature approaches the
catalyst-activating temperature, the basic retard
amount continues to decrease with the rise of the
current water temperature. Hence, an excessive re-
tard amount is inhibited from being applied, so that
the worsening of drivability and a worsening of fuel
economy can be suppressed.
[3] As an example which realizes the effects men-
tioned in the above item [2], the retard amount R is
set at a larger level as the current water temperature
becomes higher, in the case that the current water
temperature is lower than or equal to the predeter-
mined temperature h. On the other hand, in the case
that the current water temperature is higher than the
predetermined temperature h, the retard amount R
is set at a smaller level as the current water temper-
ature becomes higher.
[4] The relation profile between the startup-timing
water temperature and the retard amount S is iden-
tical with the relation profile between the current wa-
ter temperature and the retard amount R. Accord-
ingly, the control map (table) as shown in FIG. 3(A)
or 3(B) can be shared for the calculations of the re-
tard amount S and the retard amount R. That is, only
one relation profile is preset which can attain both of
the favorable exhaust emission performance and the
securement of drivability. Therefore, memory usage
and computing load can be reduced.
[5] The integration value of heat quantity supplied to
the catalytic converter 10 is calculated in consider-
ation of the intake-air amount, the engine load, the
driving condition and the like. The retard correction
of the ignition timing is finished when this integration
value reaches the predetermined threshold value *,
because it is determined that the catalyst has just
been activated at this time. Accordingly, only a heat
quantity necessary for the activation of the catalyst
can be supplied to the catalyst while unnecessary
retard (angle) of the ignition timing can be sup-
pressed. Hence, as compared with a case that the
retard of ignition timing is continued also after the
activation of catalyst, unnecessary worsening of the
drivability due to the continued retard of ignition tim-
ing can be prevented without reducing the exhaust
emission performance. Moreover, because a period
for which the retard correction continues is not elon-
gated unnecessarily, an extra fuel increase for com-
pensating for output-power reduction is unneces-
sary. As a result, the fuel economy is improved.
[6] Moreover, when the retard correction of the igni-

tion timing is finished, the retard amount continues
to be reduced at a certain rate (by the predetermined
amount @). Accordingly, a generation of shock due
to rapid change of the ignition timing can be sup-
pressed, and the retard amount is inhibited from be-
ing set at an excessively large value around the tim-
ing of catalyst activation.

Claims

1. An ignition timing control device of an internal com-
bustion engine, comprising:

an ignition device configured to ignite air-fuel
mixture of a combustion chamber of the internal
combustion engine;
a catalyst interposed in an exhaust passage of
the internal combustion engine and configured
to purify an exhaust gas flowing in the exhaust
passage;
a water temperature detecting means config-
ured to detect a water temperature of a cooling
water of the internal combustion engine;
an ignition-timing retarding means configured to
correct an ignition timing of the ignition device
to a retard side such that an activation of the
catalyst is promoted, during an idling operation
generated after a cold start of the internal com-
bustion engine; and
a startup-timing-water-temperature retard-
amount calculating means configured to calcu-
late a retard amount by which the ignition-timing
retarding means retards the ignition timing,
based on a startup-timing water temperature
which is the water temperature indicated at a
startup timing of the internal combustion engine,
wherein the startup-timing-water-temperature
retard-amount calculating means is configured
to set the retard amount at a larger level as the
startup-timing water temperature becomes
higher, in a case that the startup-timing water
temperature is lower than or equal to a prede-
termined temperature, and
to set the retard amount at a smaller level as the
startup-timing water temperature becomes
higher, in a case that the startup-timing water
temperature is higher than the predetermined
temperature.

2. The ignition timing control device according to Claim
1, further comprising:

a current-water-temperature retard-amount cal-
culating means configured to calculate the re-
tard amount based on a current water temper-
ature detected by the water temperature detect-
ing means; and

9 10 



EP 2 829 722 A1

7

5

10

15

20

25

30

35

40

45

50

55

a retard-amount selecting means configured to
select a smaller one of the retard amount calcu-
lated by the startup-timing-water-temperature
retard-amount calculating means and the retard
amount calculated by the current-water-temper-
ature retard-amount calculating means, as the
retard amount by which the ignition-timing re-
tarding means retards the ignition timing.

3. The ignition timing control device according to Claim
2, wherein the current-water-temperature retard-
amount calculating means is configured
to set the retard amount at a larger level as the cur-
rent water temperature becomes higher, in a case
that the current water temperature is lower than or
equal to the predetermined temperature, and
to set the retard amount at a smaller level as the
current water temperature becomes higher, in a case
that the current water temperature is higher than the
predetermined temperature.

4. The ignition timing control device according to one
of Claims 2 and 3, wherein
a relation profile between the startup-timing water
temperature and the retard amount which is used by
the startup-timing-water-temperature retard-amount
calculating means is the same as a relation profile
between the current water temperature and the re-
tard amount which is used by the current-water-tem-
perature retard-amount calculating means.

5. The ignition timing control device according to one
of Claims 1 to 4, wherein
the ignition-timing retarding means is configured to
finish correcting the ignition timing to the retard side
when a calculated integration value of a heat quantity
supplied to the catalyst reaches a predetermined
threshold value.

6. The ignition timing control device according to Claim
5, wherein
the retard amount is gradually reduced at a certain
rate when the ignition-timing retarding means finish-
es correcting the ignition timing to the retard side.
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